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Abstract- -C lass ica l  dynamical computations for ground state H~, H~, Ha, H1H 2, HIH 3, Li2 r, B~, 
C~ 2 and N~ 4 have been shown to yield correct vibrational frequencies and molecular diameters under 
an assumption of electron attraction for bonding electrons. In this paper, it is shown that such 
a mechanism also extends to O~ s and to the nonhomogeneous molecules LiTH 1 and LiTH 2. The 
vibrational motions are, apparently, quasi-periodic rather than periodic. 
1. INTRODUCTION 
In this paper, the molecular bond is modelled with the aid of an electron attraction assumption. 
It is shown that Newtonian methodology can yield excellent approximations to quantum echan- 
ical phenomena under this assumption. Electron attraction is, of course, not unknown [1,2]. For 
example, it is basic in the quantum mechanical theory of superconductivity [1]. Nevertheless, we 
have not made this assumption arbitrarily, since it was derived computationally in the follow- 
ing way. Previously [3], it was found that classical dynamical calculations for the ground state 
H 1 molecule, using coulombic forces and spectroscopic data, yielded a vibrational frequency of 
(2.20)1014 H, which deviates extensively from the experimental result (1.318)1014 H [4]. Since 
quantum mechanics implies that two electrons in the same orbital repel with an effective force 
which is less than that of full coulombic repulsion, we repeated the classical calculation, but 
decreased the repulsive lectron force by the factor 0.9. And, since conservation of energy is 
essential in the numerical procedure, we used a numerical method esigned for just such a pur- 
pose [5]. The vibrational frequency then decreased to (2.13)10 TM H. Encouraged by this reduction, 
we proceeded in the above spirit to decrease lectron repulsion until the factor 0.9 was reduced to 
0.0001, but the vibrational frequency decreased only to (1.78)1014 H. We then proceeded through 
zero to choose negative factors until the coulombic force between the electrons was multiplied 
by, -1.0, that is, until the force between the electrons was assumed to be fully attractive rather 
than repulsive. The resulting vibrational frequency was in complete agreement with experiment, 
as were the corresponding frequencies obtained thereafter for various diatomic ombinations of
hydrogen, deuterium and tritium [6]. But, most unexpectedly, the molecular diameters were also~ 
in complete agreement with experiment. Next [7], correct vibrational frequencies and diameters 
were produced for Li~, B 11, C 12 and N TM under the assumption that diametrically opposite lec- 
trons attracted for the electron configurations shown in Figure 1. In this connection, it is worth 
recalling that both He2 and Be2 are unstable, which accounts for their absence. 
In this paper, we will extend the electron attraction assumption to study the frequencies and 
molecular diameters of ground state 016 and of the nonhomogeneous ground state molecules 
LiTH 1 and Li?H 2. For later reference, we have recorded in Table 1 the bonding energies Do, total 
Computations performed on the CRAY Y-MP at the University of Texas Center for High Perforrnance Computing. 
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Figure 1. Electron configurations for Li2 r , B g , C 12 , N 14 . 
Table 1. 
Molecule Do(10 -12 erg) E(10 -12 erg) r'(~) ](1014 H) 
016 8.13816 -6556.4542 0.068 0.4741 
LiTH 1 4.005 -351.67516 0.186{Li) 0.4215 
LiTH 2 4.005 -351.67516 0.186(Li) 0.3165 
d(h) 
1.2074 
1.5953 
1.5949 
energies E, average first ring electron radii r*, vibrational frequencies, and average diameters of 
the molecules to be considered [4, 8-10]. 
Because of the exceptional difficulties to be described later in our study of O16 , we will begin 
by discussing lithium hydride. 
2. CONSIDERATIONS FOR LIZH 1 
The ground state energy of H 1 is -(21.779)1012erg and that of ground state Li 7 is 
-(325.89116) 10 -12 erg. Since the bonding energy Do of Li 7 H 1 is (4.005)10-12erg, we as- 
sume most simplistically that the total energy E of ground state LiTH 1, as entered in Table 1, is 
given by 
E -- (-21.779 - 325.89116 - 4.005)10 -12 - -(351.67516)10 -12 erg. (2.1) 
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Next, in ground state Li¢H 1, let us denote the H 1 nucleus by P1 and the Li ~ nucleus by P2. 
Let the electrons be denoted by P3, P4,Ps, Pc. Assume first that the forces of interaction are 
coulombic. In cgs units, for i = 1,2,3,4,5,6, and at any time, let Pi be located at ~ - (xi ,yi ,z i) ,  
have velocity vi = (xi, Yi, zi) and acceleration 5i = (zi, Yi, zi). The classical equations of motion 
for the Pi from given initial data are 
6 
mini = ~ eie,~ ~,  
j= l  r~j r i j  
j#i 
in which ~i is the vector from Pj to Pi, rij 
i=  1,2,3,4,5,6, (2.2) 
= I1  11, and 
e3 = e4 -- es = e6 = -(4.8028)10-1° esu, (2.3) 
3el = e2 = -3e3, (2.4) 
m3 = m4 = m5 = m6 = (9.1085)10 -2s gr, (2.5) 
7ml = m2 = 7(16724)10-2Sgr. (2.6) 
We now consider an arangement of P1 -/)6 which incorporates a degree of symmetry. As shown 
in Figure 2, P1 and P2 are the nuclei; P3 and P4 are the first ring electrons associated with P2; 
and P5 and P6 are the two bonding second ring electrons. For this configuration, we now assume 
that P5 and P6 attract, rather than repel. Thus, the term e5 e6 in (2.2) is changed to -es  es. 
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Figure 2. 
For computational convenience, we make the changes of variables 
= (X, Y, Z) = 1012(x, y, z) = 1012F, 
T = 1022t 
and define 
so that 
= dT' dT ] '  
(2.7) 
(2.s) 
(2.9) 
= 101° . (2.10) 
We now choose initial data in the (X, Y, Z) variables, so that (Xi, 1~, Zi) are the coordinates 
of Pi. To allow for variety, X1 and Z5 are allowed to be parameters, while symmetry is imposed 
by choosing X2 = -X1 = Xa = X4, X5 = X6 = 0; all Yi = 0; Z1 = Z2 - 0, Za = -Z4 = 1860, 
Zs = -Zs .  The choice 1860 follows from the known average electron radius r* in Li + (see 
Table 1). For initial velocities, we choose 171 = (V~, 0, 0), 172 = 0, 173 = -174 = (0, 0.06328, 0), 17s = 
-17s = (0, V U, 0). The choice 0.06328 follows from energy conservation for ground state Li +, or 
equivalently, from 
(-0 
-(317.339)10 -4 - 9.1085V~ + 23.06689 1 -~ + ' (2.11) 
since the ground state energy of Li + is -(317.339)10 -12 erg [9]. 
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The importance of the choice Vx = (V~, 0, 0), in which V~ is not necessarily zero, follows because 
V2 has been set to zero and it is not clear that both V1 and V2 are ever zero simultaneously. 
The energy equation for ground state Li7H 1, at any time, is equivalent to 
-(351.67516)10 -4 = 8362V12 + 58534V~ + 4.55425(V~ + V42 + V~ + 1/62) 
( 3 2 2 6 6 1 2 2 1 )  
+ 23.06689 R~2 R13 R15 R23 t~2-5 q- ~ q- ~ q- R3~ Rss " 
(2.12) 
In Table 2 are listed several selected values of X1, Z5 and V~, and the velocity component Vu 
for P5 which results from (2.12). 
Table 2. Li7H 1. 
v~ vy f(xO~H) 
-o.oo000o5 o.o1155946o7o 0.442 
--0.000005 0.01141681381 0.412 
.0.00000005 0.01125596280 0.393 
Case X1 Zs 
1 11000 15000 
2 11500 15000 
3 12000 15000 
1.5057 
1.5474 
1.6556 
Energy conserving calculations were now implemented for solving differential system (2.2) with 
the following simplification. The initial data were exactly those of Table 2, but the two first ring 
electrons of Li 7 were incorporated into the Li nucleus, thus changing its charge to -e3 and, 
essentially, keeping its original mass. In this fashion, the original six-body problem is reduced to 
a simpler four-body problem. (A FORTRAN program is available in the Appendix of [11].) The 
time step selected was AT = 3.0, which was checked for accuracy periodically with AT  = 0.3. 
In Table 3 are listed the maxima and minima diameters of the resulting oscillatory motions for 
Cases 1-3 of Table 2 and the respective times at which each occurred up to T = 250,000,000. 
The average maximum value M1 for Case 1 is 21082. The average minimum value ml for Case 1 
is 9031. The average diameter is D = (21082+9031)/2 = 15057 or d = 1.5057 ~., which is recorded 
in the final column of Table 2. Since three full oscillations occur by the time T = 226,000,000 
and AT  = 3.0, the average frequency of oscillation is f = (0.442)1014H, which is recorded in 
the next to the last column of Table 2. Similarly, for Case 2, d = 1.5474~, f = (0.412)1014H, 
and for Case 3, d = 1.6556A, f = (0.393)1014H, as recorded in Table 2. Since the experimental 
results are d = 1.5953/~ and f = (0.422)1014H, it is clear that all three cases in Table 2 are 
good, while Case 2 is best. From several other cases which were run, it followed that whenever 
a result yielded a diameter much greater than the experimental verage, the resulting frequency 
was much smaller than the experimental verage, and vice versa. 
3. RESULTS FOR LIZH 2 
From the experimental results recorded in Table 1, we see that considerations for Li7H 2 will 
differ from those for Li7H 1 only in the doubling of the mass of the hydrogen component. Pro- 
ceeding then as in Section 2, but incorporating this change of mass, one has the corresponding 
results which are recorded in Table 4. However, in order to have approximately the same number 
of oscillations as considered in Section 2, the number of time steps was increased to 320,000,000. 
The frequency and diameter calculations recorded in Table 4 were determined from the maxima, 
minima and times recorded in Table 5, which is analogous to Table 3. Since the experimental 
frequency is (0.3165)1014H and the experimental diameter is 1.5949/~, it is seen that the results 
in Table 4 are in good agreement with laboratory results. This time both Cases 2 and 3 are 
equally good. 
4. RESULTS FOR O126 
The energy of a ground state oxygen atom O is -(3274.158)10 -12 erg [9]. Since the bonding 
energy of O~ 6 is (8.13816)10 -x~ erg, we assume that the ground state energy E of the diatomic 
molecule O16 is 
E = (-8.13816 - 2(3274.158))10 -12 = -(6556.4542)10 -12 erg, (4.1) 
as recorded in Table 1. 
Case 
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Table 3. LirH 1 . 
Max. Diam. Min. Diam. Time T 
(R Units) (R Units) 
22000 
23532 
19281 
19515 
23000 
23181 
23325 
19118 
24000 
23066 
25408 
Case X1 Z5 
1 10500 15000 -0.000001 
2 11000 15000 - 0.0000005 
3 12000 15000 -0.00000005 
7820 
8108 
11166 
8089 
10539 
7750 
8190 
8246 
10425 
0 
37,275,000 
80,350,000 
120,250,000 
154,500,000 
189,175,000 
226,000,000 
0 
37,255,000 
77,050,000 
120,200,000 
164,000,000 
206,825,000 
242,800,000 
0 
38,875,000 
79,950,000 
120,700,000 
163,450,000 
212,075,000 
Table 4. LirH 2. 
Vx Vv ](1014H) 
0.01167786979 
0.01155945077 
0.01125596270 
a(h) 
0.349 1.4041 
0.322 1.5396 
0.298 1.5724 
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Next, in ground state O~ 6, let the nuclei be P1 and P2- Let the first ring electrons associated 
with Pt be denoted by P3, P4, and those associated with P2 by Pg, P6. The twelve second ring 
electrons are denoted by PT, P8,. . . ,  P18. Then, 
ex = e2 = 8(4.8028)10-12 esu, 
ml = m2 = 16(16724)10-28gr. 
(4.2) 
(4.3) 
As in Section 2, the dynamical equations to be used are again of form (2.2), but in the R and T 
variables, and with the summation to 18 rather than to 6. Of course, an appropriate sign change 
will be required for electrons in an attraction mode. 
The fundamental problem in modelling O~ 6 is to configure the 16 electrons appropriately. For 
the inner ring electrons Pa - P6, note first that the energy of the ion 0 6+ is -(2580.3446)10 -12 
erg [9]. Thus, from Table 1, since the average radius of each of P3 - P6 is 680, the energy equation 
yields the speed 
-0.25803446 = 9.1085V2 + 23.06689 ( -  6-~0 + 1~60 ) 
V = 0.171453 (4.4) 
for each such electron. Initial conditions for these electrons then offer no problems once P1 and/°2 
are positioned. However, the sheer number of possible arrangements and possible attracting pairs 
for the electrons P~ - P18 is somewhat overwhelming. At first, the electrons were arranged in 
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Table 5. LiTH 2. 
Max. Diam. Min. Diam. Time T 
(R Umts) (R Units) 
Case 
21000 
19620 
19613 
19592 
22000 
21131 
20803 
23363 
24000 
23197 
23129 
6974 
7045 
10361 
9342 
9954 
7608 
6753 
9282 
7986 
O 
46,275,000 
97,150,000 
146,775,000 
192,850,000 
238,675,000 
286,500,000 
0 
51,725,000 
102,475,000 
156,775,000 
208,250,000 
255,975,000 
310,147,000 
0 
51,275,000 
108,800,000 
165,375,000 
222,625,000 
280,050,000 
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two hexagons, in analogy with the two pentagons hown in Figure ld for N 14. All such cases 
ended in failure. Next, the twelve electrons were arranged in four sets of triangular arrays, in 
analogy with the two triangular arrays for B~ in Figure lb. All such cases ended in failure. Next 
the electrons were arranged in three square arrays, in analogy with the two square arrays for C~ 2 
shown in Figure lc. Of many such cases tried, two yielded results which were incorrect in either 
the frequency or the diameter by 12%-18%. Fixing the edges of the squares so that only two 
were of the same length improved the results, but only moderately. Finally, introducing counter 
rotations yielded correct results. We now describe this final model and related results. 
In (X,Y,Z) coordinates, let P1 - Pls be positioned as shown in Figure 3. (Note that, 
for computational convenience, the choice of axes is different from that of Figure 2.) The 
coordinates of P1 are (0,0, Z1). The coordinates of P2 are (0,0,-Z1).  The coordinates of 
P2 - P6 are (680, 0, Z1), (-680, 0, Z1), (680, 0,-Z1),  (-680, 0, -Z~), respectively. The coordi- 
nates of PT- Pls are (XT, 0, Z1 ), (0, X7, Z1), ( -X7,  0, Z1), (0, -X7,  Z1), (X7, 0, -Z: ) ,  (0, X7, -Z1), 
( -X7,  0, -Z1),  (0,-X7, -Z: ) ,  (Xis, 0, 0), (0, Xls, 0), (-X15, 0, 0), (0, -X15, 0), respectively. The 
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attracting pairs are assumed to be (P~'Pg), (PsPlo), (P11P13), (P12P14), (PImPly), (P16Pls). The 
initial velocities of P1 and P2 are taken to be zero. The remaining initial velocities are I~3 = 
(0,0.171453,0),I74 = -G,Ve  = I~3, V6 = ~,l~z = (0, Vz, 0),I~s = (-VT,0,0),V9 = -Vr, 
= -vs, vll = #12 = Ps, = = P 0, e = = (Vle,0,0),P17 = 
-Vie, Vls = -Via, in which V7 and Vie are positive. Once ZI,Xz, X15 and VIe are fixed, one can 
determine V7 from the energy equation 
2 1 (9.1085) (4(0.171453) 2 + 8V• + 4VI~ ) -(6556.4542)10 -4 = (16)(16724)(V12 + V~) + 
64 32 32 64 64 64 2 
+ 23.06689 ~ R13 RI5 Rlr  R l l l  RII-""~ + R34 
2 2 4 8 4 4 4 4 
+ ~35 + ~'36 + "~37 "4" "~ + ~39 + R'~11 + R--~12 + R31--'--3 (4.5) 
4 8 4 8 4 4 8 4 
+ ~ + R31---~ + ~ + Rz---s RT--~ + Rzt----~" + ~ + R~1----3 
8 16 8 4 2 '~ + 
In Table 6 are listed choices of Z1,Xz, X15 and Vie, and the resulting value of V7 from (4.5). 
Many more cases were considered, but as will be seen later, the simulation for each case required at 
least eight hundred million time steps, so that many cases were discarded as not being sufficiently 
promising for the expense involved. 
Table 6. 016 .
Case Z 1 X 7 Xl5 V15 
1 6700 3500 7500 .025 
2 6800 3500 7500 .025 
3 6900 3500 7500 .025 
Vz f(1014H) 
0.06710744649 0.5552 
0.06709591299 0.4695 
0.06708289683 0.4622 
1.2030 
1.2598 
1.2623 
With AT = 1.0, energy conserving calculations for Cases 1-3 of Table 6 were implemented 
with the exact initial data of the table, but with the first ring electrons incorporated into their 
respective nuclei, thus reducing each nuclear charge to 6(4.8028)10 -1° esu. In this fashion, the 
original eighteen-body problem reduces to a fourteen-body problem. 
In Table 7 are recorded the maxima nd minima diameters of the resulting oscillations and the 
respective times at which each occurred for four complete oscillations. The average maximum M 
for Case 1 is 13648. The average minimum m for Case 1 is 10412. The average diameter is 
then D = (13648 + 10412)/2 = 12030 or d = 1.2020/~, which is recorded in the final column 
of Table 6: Since T = 720350000 after the four oscillations, the average frequency is f = 
(0.5552)1014H, which is recorded in the penultimate column of Table 6. Similarly, for Case 2, 
d = 1.2598/~, f = (0.4695)1014H, and for Case 3, d = 1.2623/~, f = (0.4622)1014H, as recorded in 
Table 6. Since the experimental results, from Table 1, are d = 1.2074/~ and f = (0.4741)1014H, 
Case 2 is especially good since its error in d is 4.3% and in f is 1.0%. 
5. REMARKS 
It would be of interest o have many more iterations than those reported in this paper for both 
the lithium hydride and oxygen molecules. For O216, in particular, note that the only parameter 
varied in Table 6 is Z1. However, decreasing the time step and varying the other parameters was 
prohibitively expensive. 
Note that the counter-rotating second ring electrons in our 02 model will yield a rapidly 
changing electric field. With a more refined model than the one we have presented, one should 
then be able to produce the magnetic moment associated with 02. 
Finally, note that we have not proved that electron attraction is a fundamental mechanism 
in molecular bonding. We have only provided classical computations which strongly suggest 
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Table 7. 016 . 
Case Max. Diam. Min. Diam. Time T 
(R Units) (R Units) 
13400 
13441 
13871 
13773 
13759 
13600 
16514 
14772 
14614 
16496 
13800 
15810 
15067 
14730 
14406 
10037 
10017 
10782 
10811 
9880 
10187 
10049 
9872 
9823 
10276 
10757 
11076 
0 
92,550,000 
185,000,000 
278,300,000 
379,555,000 
468,500,000 
555,400,000 
641,000,000 
720,350,000 
0 
94,650,000 
214,700,000 
331,150,000 
443,200,000 
551,300,000 
655,450,000 
762,350,000 
852,000,000 
0 
93,250,000 
204,150,000 
314,750,000 
429,650,000 
543,300,000 
648,050,000 
755,350,000 
865,500,0(}0 
such a possibility. An appropriate xperiment should be devised to decide the issue. Should 
our assumption prove to be correct then we could reaffirm that Newtonian methodology can 
provide good approximations for quantum echanical phenomena and we could hypothesize that 
a possible subquark structure of the electron [12] and a possible quark structure of nuclei [13] 
may be the sites of molecular bonding mechanisms. The mechanisms of molecular bonding are 
not agreed upon universally. Indeed, the need for hybrid resonance, in particular, in molecular 
orbital theory does not seem to be palatable to many (see, e.g., [14,15]). 
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